The experimental spectroscopic investigation of Nbenzyloxycarbonyloxy-5-norbornene-2,3-dicarboximide (C17H15NO5) molecule has been done using 1 H and 13 C NMR chemical shifts, FT-IR and Raman spectroscopies. Conformational forms have been determined depending on orientation of N-benzyloxycarbonyloxy and 5-norbornene-2,3-dicarboximide (NDI) groups of the title compound. The structural geometric optimizations, vibrational wavenumbers, NMR chemical shifts (in vacuum and chloroform) and HOMO-LUMO analyses for all conformers of the title molecule have been done with DFT/CAM-B3LYP method at the 6-311++G(d,p) basis set. Additionally, based on the calculated HOMO and LUMO energy values, some molecular properties such as ionization potential (I), electron affinity (A), electronegativity (χ), chemical hardness ( ), chemical softness ( ), chemical potential (μ) and electrophilicity index ( ) parameters are determined for all conformers. The non-linear optical (NLO) properties have been studied for the title molecule. We can say that the experimental spectral data are in accordance with calculated values.
Computational Methods
The molecular geometric optimizations, molecular conformational analysis, vibrational frequencies, 1 H and 13 C NMR chemical shifts (in vacuum and chloroform), HOMO and LUMO analyses (in vacuum and ethanol) and NLO properties of the title compound have been performed using the Gaussian 09W program package [17] . The calculated results have been visualized using GaussView5 program [18] .
All of the computations have been fulfilled using CAM-B3LYP range-separated hybrid functional (long range corrected version of B3LYP using the Coulombattenuating method) in DFT (Density Functional Theory) method with the 6-311++G(d,p) basis set [19] [20] [21] . The calculated vibrational wavenumbers were scaled with 0.960 for 1700-4000 cm -1 region and 0.980 for 0-1700 cm -1 one.
For proton and carbon-13 NMR isotropic chemical shift computations, the optimized molecular structures of the compound were first obtained at the CAM-B3LYP/6-311++G(d,p) computational level in vacuum and chloroform using integral equation formalism polarizable continuum model (IEFPCM). Then, proton and carbon-13 NMR chemical shifts were computed with gauge invariant atomic orbital (GIAO) approach [22] [23] [24] . The HOMO and LUMO energy values and surface were simulated using the CAM-B3LYP/6-311++G(d,p) level. Considering the calculated HOMO and LUMO energy values, the some molecular properties such as ionization potential (I), electron affinity (A), electronegativity (χ), chemical hardness ( ), chemical softness ( ),chemical potential (μ) and electrophilicity index ( ) parameters were calculated. The non-linear optical (NLO) properties (the mean polarizability (αtotal), the anisotropy of the polarizability (∆α) and the first hyperpolarizability (β0)) were performed with the CAM-B3LYP/6-311++G(d,p) computational level.
Results and Discussion

Molecular structure analysis
The optimized molecular conformational forms, computed total molecular energies and τ0 (C3-C2-C1-C14), τ1 (C14-N16-O17-C18) and τ2 (N16-O17-C18-O20) torsion angle values (the computed with the CAM-B3LYP/6-311++G(d,p) level) of the title compound is given in Figure 1 . Conformational analysis has been performed depending on both C3-C2-C1-C14 torsion angle in N-benzyloxycarbonyloxy group and C14-N16-O17-C18, N16-O17-C18-O20 torsion angles in 5-norbornene-2,3-dicarboximide (NDI) group. According to performed computations, the eight conformational forms have been found for the title molecule. The conformer 1 is most stable structure with energy value of -1087.45869209 a.u.. The most unstable form is conformer 8 with energy value of -1087.45293017 a.u.. The τ0, τ1 and τ2 torsion angle values for conformer 1 are computed as 118.8°, 86.2° and 180.0°, respectively. The form of NDI group in this conformer of the title molecule is found as chair (zig-zag). The experimental molecular geometric parameters (bond lengths and angles) of the title molecule are not available in the literature. Therefore, the calculated bond lengths and angles for all conformers of the title compound are presented in Table 1 . C single bond lengths  (C1-C2, C1-C9, C1-C14, C2-C3, C2-C15, C3-C5, C-C11,  C7-C9 and C9-C11) in this group are obtained at the interval 1.511-1.566 Å for all conformers. In the literature, there are the experimental single crystal X-Ray analysis for compounds including 5-norbornene-2,3-dicarboximide group [9, [25] [26] [27] [28] [29] . For N-pheny-5-norbornene-2,3-dicarboximide molecule, the C=C, C=O and C-N bond lengths were reported as 1.315 (9) [29] . They were recorded 1.379(4) Å, 1.179(4) Å, 1.312(4) Å, 1.464(4) Å and 1.484(5) Å values for the C18-O17, C18=O19, C18-O20, C21-O20 and C21-C24 bond lengths, respectively [29] . Similarly, they were reported as 1.391(3) Å the N16-O17 bond length between succinimide group and N-(benzyloxycarbonyloxy) one, while the C14=O37, C15=O38, C14-N16 and C15-N16 bond lengths in succinimide group were found as 1.193(4) Å, 1.202(4) Å, 1.376(4) Å and 1.383(4) Å, respectively [29] .
The C14-N16-C15, N16-C14-O37, N16-C15-O38, N16-O17-C18, O17-C18-O19, O17-C18-O20, C18-O20-C21, O19-C18-O20 and O20-C21-C24 bond angles for conformer 1 
Vibrational frequencies
There are 38 atoms and 108 normal vibrational modes (3N-6) of N-benzyloxycarbonyloxy-5-norbornene-2,3-dicarboximide molecule. The measured [30] and calculated vibrational wavenumbers, IR intensities, Raman scattering activities and vibrational band assignments for the most stable molecular conformation of the studied molecule can be found in Table 2 . The experimental [30] and simulated (for conformer 1) IR spectra of the title compound are given in Figure 2 . Similarly, the experimental [30] and simulated (for conformer 1) Raman spectra of the title molecule are given in Figure 3 . The linear correlation coefficients (R 2 ) between the experimental and calculated wavenumbers have been found as 0.99975 (νcal. = 0.99955νexp. + 2.21849) (for IR wavenumbers) and 0.99961 (νcal. = 0.99745νexp. + 2.05360) (for Raman wavenumbers).
The CH stretching vibrations in aromatic compounds and CH bonds with sp 2 hybrid occur absorption bands in the region 3000-3100 cm -1 , whereas the CH bonds with sp 3 hybrid (such as methyl, methylene,…) cause to stretching modes at the interval 2800-3000 cm -1 [31] [32] [33] . The observed band at 3132 (IR)-3138 (R) cm -1 is corresponded to =CH stretching mode in NDI group of the compound. The calculated wavenumbers for this band have been found at 3107 and 3084 cm -1 . Similarly, the CH stretching bands of phenyl ring are emerged at 3061 (IR), 3068 (R) and 3089 (IR) cm -1 , while the computed wavenumber values for the aromatic CH stretching vibrations are found at 3057, 3060, 3068, 3078 and 3087 cm -1 . The stretching band for the CH groups in the NDI group is recorded at 3030 cm -1 and they are computed at 3029, 3026, 3002 and 2995 cm -1 . Similarly, the symmetric stretching vibrations of methylene groups in the title molecule are found at 2965 (IR)-2969 (R) (exp.)/2965 (cal.) cm -1 and 2982 (IR)-2985 (R) (exp.)/2971 (cal.) cm -1 , while the asymmetric stretching modes are found at 3023 (R) (exp.)/3020 (cal.) cm -1 and 3023 (cal.) cm -1 . Additionally, the C-H in-plane and out-of-plane bending vibrations cause to absorption bands in the region 1000-1600 cm -1 and 650-1000 cm -1 , respectively [31] [32] [33] . The experimental and computed CH in-plane and out-ofplane bending modes in the phenyl and NDI groups of the title molecule are summarized in Table 2 .
The O=C stretching vibration, which is highly characteristic, gives rise to strong absorption bands in the region 1540-1870 cm -1 . Also, position of this band depends on the physical state, electronic and mass effects of neighboring substituents, intra-and inter-molecular hydrogen bond interactions, conjugations and size of ring [31] [32] [33] . In our study, the position of stretching modes of the O=C groups in five member ring are shifted towards the high frequency region due to decrease in size of ring. The O=C stretching vibrations in the carbonate ester (R1-O(C=O)O-R2) and NDI groups of the title molecule are observed at 1738 (IR), 1780 (IR)-1783 (R) and 1807 (IR/R) and 1738 (IR) cm -1 and the computed wavenumbers corresponding to them are obtained at 1769, 1791 and 1827 cm -1 , respectively. Generally, the O-C stretching mode gives rise to strong absorption bands in the region 1000-1300 cm -1 in acids, alcohols, ether and esters groups [31] [32] [33] [34] . In this connection, the O-C stretching vibrations is found at 1265 (IR)-1268 (R) (exp.)/1274 (cal.), 1118 (cal.), 1019 (cal.) and 987 (cal.) cm -1 as mixed with other vibrational bands. The NO stretching mode between O17 atom in carbonate ester group and N16 atom in NDI one is observed at 1376 (IR)-1377 (R) cm -1 , while this band is computed at 1391 cm -1 . The out-ofplane bending (γO17O19O20C18 and γO17C14C15N16) vibrations in the carbonate ester group and N- The aromatic CC skeletal stretching vibrations usually occur in the region 1400-1625 cm -1 and below 1400 cm -1 as mixed with other bands [35, 36] . The observed bands at 1594 (IR)-1590 (R) and 1572 (R) cm -1 and the computed bands at 1655, 1633 and 1522 cm -1 can be assigned to the CC stretching modes in phenyl ring. Additionally, as seen in Table 2 , the calculated wavenumber at 1343 cm -1 and the observed and computed wavenumbers below 1400 cm -1 as mixed with other vibrations are assigned to CC stretching modes of phenyl ring. The stretching vibrational bands (νC21C24) for bond between methylene group and phenyl ring are observed at 1225 (IR) and 847 Table 2 .
NMR chemical shift analyses
Nuclear magnetic resonance (NMR) spectroscopy is a powerful technique that can be used to determine the isotropic chemical shifts of atom nucleus in different 215.560 Note. ν, stretching; δ, in-plane bending; δs, scissoring; τ, torsion; γ, out-of-plane bending; δs, scissoring; w, wagging; t, twisting; IIR, IR intensity (km/mol); SRaman, Raman scattering activity; NDI, 5-norbornene-2,3-dicarboximide. Table 3 . The experimental (chloroform-d) [30] and calculated (vacuum/chloroform) 13 The aromatic rings produce large deshielding effects and their π-bonding electrons act as a conductor and the protons attached to carbon atoms in aromatic rings give resonance signals in the region 6-8 ppm [37] [38] [39] [40] . The H28, H30, H32, H33 and H33 hydrogen atoms in phenyl ring are given signal at 7.37 ppm, while they have been computed at the interval 7. Table 3 .
HOMO and LUMO analyses
The main orbitals taking part in chemical reaction is frontier molecule orbitals (FMOs) called as the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) [41] . The HOMO is directly correlated with the ionization potential of the compound. Behaving as an electron donor, it can be considered as valance band of the system. The LUMO is directly correlated with the electron affinity. It can be thought as conductivity band of the system due to behaving as an electron acceptor. The HOMO-LUMO energy band gap that is an important parameter for investigation of molecular electrical transport properties can use to determine molecular chemical stability. The molecules can be defined as "soft molecules" or "hard molecules" based on the HOMO-LUMO energy band gap that is the small or large, respectively. Therefore, the molecules that are belonged to the low HOMO-LUMO energy gap are more reactive [42] . Additionally, the molecular quantum mechanical parameters such as ionization potential, electron affinity, chemical reactivity, kinetic stability, polarizability, chemical hardness and softness, chemical potential, aromaticity, electronegativity and electrophilicity index can be found using HOMO-LUMO energy band gap [43] . The computed HOMO and LUMO energies and computed molecular quantum mechanical descriptors with the CAM-B3LYP/6-311++G(d,p) level are listed in Table 4 for the title molecule. Figure 4 . The energy gaps between HOMO and LUMO and HOMO-1 and LUMO+1 are 9.014/8.732 eV and 9.105/9.040 eV, respectively. The HOMO is mainly localized over whole molecule, whereas the LUMO is mostly placed on Nbenzyloxycarbonyloxy group. Likewise, the HOMO-1 and LUMO+1 are centered on phenyl and 5-norbornene-2,3-dicarboximide, respectively.
NLO properties
The organic, inorganic and organometallic non-linear optical (NLO) materials have been effectively used due to their future potential applications in the fields of physics, chemistry and engineering. Especially, the effective NLO materials with high performance have been very interesting in the optoelectronic and microelectronics fields such as optical telecommunications, signal processing, optical interconnections, optical computing, optical information processing, sensor protection, optical switching, dynamic image processing and various other photonic technologies [44] . The mean polarizability (αtotal), the anisotropy of polarizability (∆α) and first hyperpolarizability (β0) values are important key factors to determine NLO properties of molecular systems. The polarizabilities, static first hyperpolarizabilities and dipole moments of the title molecule are computed with the CAM-B3LYP/6-311++G(d,p) level using the finite-field approach.
The polarizabilities and first hyperpolarizabilities have been computed in terms of atomic units (a.u) by Gaussian 09W program. They have been converted into electrostatic unit (esu) (1 a.u = 0.1482×10 -24 electrostatic unit (esu) for α values and 1 a.u = 8.6393×10 -33 esu for β values). The mean polarizability (αtotal), the anisotropy of the polarizability (∆α), the mean first hyperpolarizability (β0) and the total static dipole moment (µtotal), values have been computed using the following equations [36, 44] . 
Conclusions
The molecular structure, vibrational wavenumbers (FT-IR and Raman), proton and carbon-13 NMR isotropic chemical shifts, HOMO-LUMO analyses and NLO properties of N-benzyloxycarbonyloxy-5-norbornene-2,3-dicarboximide have been studied using experimental and computational (DFT/CAM-B3LYP/6-311++G(d,p) level) methods, for the first time. According to conformational analysis results, the most stable structural form is conformer 1 with 118.8°, 86.2° and 180.0° values of τ0 (C3-C2-C1-C14), τ1 (C14-N16-O17-C18) and τ2 (N16-O17-C18-O20) torsional angles and with energy values of -1087.45869209 Hartrees, respectively. The HOMO and LUMO energy analyses of the title molecule have been theoretically studied. The quantum molecular descriptors have been determined depending on HOMO and LUMO energy values. We can declare that the molecule may be a good non-linear optical material with regard to the NLO results of the title compound.
